aging (survivor analyses OR = 1.87, 95% CI = 1.66-2.11) and associations of low education and low income with frailty (adjusted OR for low education = 1.76, 95% CI = 1.05-2.97; adjusted OR for low income = 1.90, 95% CI = 1.20-3.01; both for survivor analyses). Sex-stratified analyses indicated that socioeconomic inequalities were mainly present in men, not in women. Similar patterns of associations of SEP with frailty were observed in all scenarios, but the increase in frailty prevalence over time differed substantially between the scenarios. There were no statistically significant interactions between time and SEP on frailty (all scenarios), suggesting that inequalities in frailty did not increase or decrease during follow-up. Conclusion: SEP inequalities in frailty among older adults were observed, mainly among men, and persisted during 10 years of follow-up.
kind of internal and environmental stressors [4] . Even though there are many operational definitions of frailty [5] , it is generally agreed that frailty is a relevant geriatric condition that captures elements of physical and cognitive functioning that other known measures of morbidity, including measures of functional limitations or disability, do not [6] .
Many frailty measures encompass low physical activity, weight loss or underweight, weakness (e.g., in arms or legs), and often also either slowness, problems with memory and attention, or reduced vision or hearing [5, 7, 8] . Frailty has clinical implications because it often constitutes a state of health that is still reversible or modifiable, but is close on the threshold to chronic irreversible and unmanageable health problems [4] . It has public health implications as well. In societies where older adults continue to live longer with chronic diseases, among other things due to improved treatment of disease, frailty becomes a key factor in identifying high-risk groups [9] . Variations in frailty between subgroups pinpoint opportunities for prevention of further health inequalities.
Studies suggest that a high socioeconomic position (SEP) protects against becoming frail [7, [10] [11] [12] [13] [14] [15] . However, there is a lack of knowledge on the longitudinal relationship between these factors over an extended time period. Such studies may indicate whether the development of frailty in lower socioeconomic groups will be quicker than that in higher socioeconomic groups throughout later life. So far, two studies have pointed into the direction of persisting (not widening) SEP inequalities in frailty in old age [16, 17] .
The aim of this study was to investigate the course of socioeconomic inequalities in frailty among older adults during 10 years of follow-up. Such an assessment is challenging because longitudinal studies of aging are hampered by rates of attrition due to death and health-related dropout, and they end up with selective samples of healthy participants. Previous studies did not take into account this potential selection bias. Therefore, we investigated whether similar patterns of associations held in different scenarios, comparing the results of survivor analyses with two imputation methods accounting for dropout due to death.
Methods

Sample
Data from the Longitudinal Aging Study Amsterdam (LASA) were used. Details on the sampling and data collection of LASA have been published before [18, 19] . In short, LASA is a nationally representative study on physical, emotional, cognitive, and social functioning of older adults in the Netherlands, which started in 1992 and is still ongoing. LASA data are collected by trained interviewers in a face-to-face main interview and in a separate medical interview (including clinical tests) in the home of the respondents.
For this study, the second measurement wave of LASA (1995/ 1996) was chosen as our baseline measurement because key information on frailty markers was collected at that wave for the first time in LASA. Data from four measurement waves were included in this study (1995/1996, 1998/1999, 2001/2002, and 2005/2006) , together covering 10 years of observation. We selected all participants with data from the medical interview in 1995/1996 who were 65 years or older at that time ( n = 1,509). Of those, 710 were still alive after 10 years of follow-up and participated in the fifth LASA measurement wave (2005/2006); 696 (46.2%) died during followup, and 102 dropped out because of other reasons (43 ineligible, 45 refused, 14 could not be contacted anymore). Vital status and date of death of participants were traced through municipal registries. Ascertainment was 100% complete.
Independent Variables
Our measures of SEP were educational level and household income category, both measured at baseline. Three categories of education were constructed: (1) low education included those who had primary education completed or less, (2) high education consisted of those who completed some form of tertiary education (such as university degrees or higher vocational education), and (3) those with some form of secondary education completed constituted the medium education group. Income was measured with a categorical question on monthly net household income at baseline. The household income of respondents living with a partner in the household was multiplied by 0.7 to make it comparable to the income of a one-person household. Income categories were collapsed into three overall categories corresponding with tertiles as closely as possible (37.4% in the lowest income category and 29.2% in the highest).
Dependent Variables
Our frailty measure followed the functional domains approach to frailty [7] . This approach views frailty as a grouping of problems and losses of capability. These problems and losses are postulated to be multisystemic and encompass deficiencies in four domains: physical, nutritive, cognitive, and sensory. We used low physical activity and low grip strength (physical domain), low body mass index (BMI) (nutritive domain), low cognitive functioning (cognitive domain), and vision and hearing problems (sensory domain).
To assess physical activity, respondents were asked how often and for how long they had walked, cycled, performed household activities, and played sports during the 2 weeks before the interview [20] . Respondents in the lowest quintile of total time spent on physical activity were assigned a value of 1 on this marker (all others a value of 0). Grip strength was measured with hand-held calibrated dynamometers. The maximum values of the left and right hands were summed. Respondents with grip strength levels in the lowest sex-specific quintile were assigned a value of 1. BMI was calculated from height and weight measurements. Height was measured using a stadiometer and weight was measured with a calibrated bathroom scale. The cutoff for this frailty marker was at BMI <23, as a BMI <23 is associated with elevated mortality rates Socioeconomic Inequalities in Frailty 159 in old age [21] . Cognitive functioning was measured with the Mini-Mental State Examination (range 0-30, higher scores indicating better functioning) [22] . A score <24 points is commonly used to indicate low cognitive functioning, and we used this as the cutoff to determine who was frail on this frailty marker. Poor vision and hearing were defined as not being able to recognize someone's face at a distance of 4 m (with glasses or contact lenses if needed), and not being able to follow a conversation in a group of four people (with hearing aids if necessary) [23] . All frailty markers were measured the same way in each of the measurement waves. Respondents were considered frail if they had frailty markers present in two or more domains [7] .
Data Analyses
We performed a series of mixed-model analyses to estimate the association of SEP with frailty and changes in frailty, and to account for attrition due to mortality. Ignoring information from those who died during follow-up leads to biased estimates of longitudinal relationships of predictors with health because they only apply to those who survived until the end of the study. Such findings can, for example, not be used to predict longitudinal associations in future generations of older adults, which are likely to have lower mortality rates than current generations of older adults [24] . When examining trajectories, excluding those who died from analysis yields biased estimates that favor the groups with the most deaths [25] . In our case, this means that the survivor analyses might underestimate the deleterious effect of a low SEP on frailty.
Our first analyses were linear mixed models on the group of survivors, i.e., performing a complete case analysis based on all available observations (participants are included until they drop out from the study). In a second set of analyses, we transformed our measure of frailty to incorporate estimates for those who died during follow-up, as proposed by Diehr et al. [24] . We transformed the values for the first missing value after death (and only the first) of the participant into a value of 1, indicating frailty. This scenario was chosen to reflect a situation of increases in life expectancy (i.e., reductions in mortality rates in old age), coupled with increases in frailty, which is a likely scenario for future groups of Dutch older adults. Results on the basis of this scenario might more accurately show how socioeconomic inequalities would be affected if all those who died were to live somewhat longer (i.e., in our scenario roughly 3 years, corresponding to one extra measurement wave), but were to live in frailer health.
In a third set of analyses, we tested a more theoretical scenario to see how socioeconomic inequalities in frailty would develop if dropout due to mortality did not occur. Selective dropout due to mortality is often seen as an explanation for decreasing health inequalities in later life. This scenario gives an indication of the impact of selective dropout due to mortality on the magnitude of socioeconomic inequalities in frailty among older adults. We substituted all missing values of frailty due to death on the basis of a prediction model of frailty at baseline for frailty at later measurement waves [24, 26] . This was done as follows. First, a continuous frailty score was calculated at baseline (T1), based on the number of frailty markers present (range 0-6). Then, predicted probabilities for frailty at each follow-up measurement wave (T2, T3, and T4), corresponding to each value of the continuous frailty score at T1, were derived from logistic regression analyses using all available (nonimputed) data. For each follow-up measurement wave (T2, T3, T4), a logistic regression analysis was done with a continuous frailty score at baseline (T1) as predictor and frailty (yes/ no) at the specific measurement wave as outcome. Then, we substituted missing values at T2, T3, and/or T4 due to death by either "frail" or "not frail" on the basis of the predictive probabilities corresponding with the frailty score at T1. Participants who died during follow-up and had a frailty score at T1 that predicted frailty at T2, T3, and/or T4 with a probability ≥ 0.5 were coded as "frail" on those waves where data was missing. For others who died and had frailty scores at T1 that predicted frailty on subsequent measurement waves with a probability <0.5, the missing values were coded as "not frail."
In all sets of longitudinal models, we firstly tested associations of time (measurement wave) with frailty, adjusting for sex and year of birth. Secondly, we included level of education and partner status (yes/no) into the models to estimate the association of education with frailty, adjusted for partner status, sex, year of birth, and time. Since income could be a mediator of the association of education with frailty, income was included in a third model that included all variables from the previous models. Finally, we included interactions of SEP (education and income) with time to test whether associations of SEP with frailty became larger or smaller during follow-up. Given that SEP distributions may differ by sex and because of the fact that the risk for frailty is higher in females [4] , we also performed sex-stratified analyses for all longitudinal models.
All analyses were done using SAS 9.2 (GLIMMIX procedure). In these generalized linear mixed models, the dependency in frailty measures within the same person due to the repeated measurement waves was accounted for by allowing the regression coefficients to differ between subjects (random effects). The number of repeated observations per person was also allowed to vary. The data were defined as follows: level 2 as participant and level 1 as repeated measurement occasions. It was investigated whether random slopes should be included in the models, but it appeared that they were not necessary to optimize the model fit. The time variable was linearly related to frailty in all models. We tested quadratic functions, but these did not improve the model fit.
Results
The baseline characteristics and prevalence of frailty in the subgroups across measurement waves are presented in Table 1 . Prevalence of frailty was generally higher in older birth cohorts, in women, in participants with lower levels of education and lower incomes, and in participants without a partner.
For each measurement wave, the prevalence of frailty and the six frailty markers are listed in Table 2 . Low grip strength appeared to be the most common marker of frailty, together with low physical activity, whereas poor vision was the least common. Since this sample changed between measurement waves due to attrition, changes in percentages between measurement waves cannot be interpreted as trajectories.
Across the study period of 10 years, the 1,509 participants provided on average 2.6 observations. Dropout due to mortality during follow-up according to the level of education was as follows: low education (50.2%, n = 324), medium education (41.1%, n = 280), and high education (50.8%, n = 93). Frailty prevalence at baseline differed between survivors and people who deceased during the 10-year follow-up period (11.1 vs. 36.4%). Table 3 shows the results of the mixed-model analyses. There was a general tendency of increased prevalence of frailty over time. In all three datasets the prevalence of frailty increased linearly during follow-up (ORs >1), but the increase in risk of frailty was largest in the sample where the first missing value after death was set to frail (OR = 3.18, 95% CI = 2.82-3.58). The sex-stratified analyses showed a similar pattern in both men and women ( Table 4 ) .
Educational and income gradients in frailty were found. Survivor analyses demonstrated that a higher risk of frailty after adjustment for age, sex, and partner status Values are n (%). After adjustment for partner status and the alternative indicator of SEP, similar patterns of associations of SEP with frailty were observed in the two samples with imputed frailty scores as compared to the survivor sample, although the magnitude of point estimates varied (models 2 and 3 in Table 3 and men in Table 4 ). Results from the two imputed samples confirmed that the men with lower education (but not those with medium education) had higher odds of frailty as compared to those with higher education. For women, no statistically significant associations between SEP and frailty were observed, except for low income in model 3 of imputation method 2 (OR = 2.03, 95% CI = 1.01-4.12).
Interaction effects of SEP with time on frailty were estimated for the total population and for men and women separately (results not shown). No statistically significant interaction effects were found, suggesting that the association between SEP and frailty did not increase or decrease over time. 
Discussion
In the current study, we investigated the longitudinal relationships of SEP with frailty during a 10-year follow-up among a sample of Dutch older adults. We investigated whether similar patterns in these relationships held in different scenarios, comparing survivor analyses with two imputation methods of accounting for dropout due to death. In each of these scenarios, a linear increase in frailty over time was found. However, we observed that the increase in the prevalence of frailty over time differed substantially between the different scenarios. The patterns of associations of SEP with frailty were remarkably similar in all three samples, pointing toward low SEP -low education and the lowest income tertile -as determinants of frailty among men. For women, no associations between SEP and frailty were observed, except for low income in one of the imputed samples.
Our results confirm the findings from previous crosssectional and longitudinal studies that socioeconomic factors such as educational level and income are associated with frailty in older adults [11, 13, 16] . Our sex-stratified analyses revealed that SEP inequalities in frailty were not present among women in most of the analytical models. This contradicts previous studies where associations between SEP and frailty were also found in women [11, 15] . We were able to investigate whether SEP associations with frailty increased or decreased during a follow-up period of 10 years. In line with a previous study over an extended time period, we observed that SEP inequalities in frailty remained the same during follow-up [16] .
We performed sensitivity analyses to account for attrition caused by death during follow-up. We compared results to see whether general conclusions about the pattern of the associations of SEP with frailty could be drawn. The design of different scenarios in this way can . This scenario was designed in line with declines in mortality rates in Dutch older men and women and with findings from analyses on LASA data showing that younger cohorts of older men and women have a higher prevalence of chronic disease than older cohorts, suggesting that they will be frailer on average [27] . It would be of great value to investigate to what extent our scenario plays out in future cohorts in Dutch men and women who are expected to live longer, but will do so in worse health. The other scenario that we investigated was more theoretical, to see what would happen with socioeconomic inequalities in frailty if there was no (selective) dropout due to mortality (imputation 2). Interestingly, there were no large differences between the survivor analyses and the analyses in this scenario. An explanation for this might be that there was no clear pattern of SEP-specific mortality in this study sample. Perhaps the largest part of selection has already taken place before the age of 65. For this scenario, we chose a single imputation method, based on a validated procedure [26] . However, in future research other methods such as multiple imputation should be investigated, as well as other scenarios that test joint modelling of frailty and death [28] .
An important limitation of the study may be that the LASA measurement waves were conducted at 3-year intervals. Participants who dropped out due to mortality may have experienced brief periods of rapid decline in functioning that do not show up in our data if they occurred between measurement waves. It is known that especially cognitive functioning often exhibits increased declines in proximity to death [29, 30] . Another limitation is that our imputation methods negate the possibility that participants died because of the development of frailty between two measurement waves. We do not exactly know in how many cases frailty was the main cause of death.
In conclusion, our study provides robust evidence for the longitudinal association between SEP and frailty in Dutch older people, in particular among older men. Our sensitivity analyses showed that it is difficult to pinpoint exact estimations of the magnitude of inequalities if one wants to account for mortality-related attrition. In all scenarios, we observed SEP inequalities in frailty during follow-up to be persisting rather than widening. Since frailty represents an intermediate position between better health and more advanced health problems, institutionalization, and death [31] , frailty should be considered a potential mediator of socioeconomic inequalities in these outcomes. Public health strategies aimed at reducing frailty may therefore be important to reduce health inequalities in later life.
